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Risk factors of incomplete thrombosis in the false
lumen after endovascular treatment of extensive
acute type B aortic dissection
Yong-Lin Qin, MD,a Gang Deng, MD,a Tian-Xiao Li, MD,b Rui-Wei Jing, PhD,c and
Gao-Jun Teng, PhD, MD,a Nanjing and Zhengzhou, China
Objective: This study evaluated the risk factors of incomplete thrombosis in the false lumen after thoracic endovascular
aortic repair (TEVAR) in patients with extensive acute type B aortic dissection.
Methods: This was a retrospective study at Zhongda Hospital and Henan Provincial People’s Hospital, China. Between
January 2005 and May 2008, patients with acute type B dissection who underwent TEVAR at two centers were reviewed
and 124 who met the following criteria were included in this study: (1) dissection involving the aorta below the level of
the celiac artery, (2) completely patent false lumen at the time of intervention, and (3) complete initial diagnostic
computed tomography (CT) scans and all follow-up CT scans available. Exclusion criteria were (1) aortic dissection
secondary to trauma, (2) intramural hematoma, and (3) Marfan patients. The main outcome measures were demograph-
ics, comorbidity profiles, technical details of procedures, anatomic characteristics of dissection, and false lumen status of
thrombosis during follow-up. Ordinal regression analysis was performed with variables that reached P < .20 on
univariate analysis to investigate independent risk factors of incomplete thrombosis in the false lumen.
Results:Univariate analysis showed that the age at TEVAR, hypertension, maximum diameter of the abdominal aorta and
false lumen at the abdominal level, re-entry tears, and visceral branches that arose partially or totally from the false lumen
had a P< .20. Further analysis with an ordinal regression model showed that the visceral branches that arose partially or
totally from the false lumen (odds ratio [OR], 10.054; P < .001), re-entry tears (OR, 30.661; P < .001), and maximum
diameter of the false lumen on the abdominal aorta (OR, 1.265; P .004) were the significant risk factors of incomplete
thrombosis in the false lumen after TEVAR.
Conclusions: Visceral branches that arose partially or totally from the false lumen, re-entry tears, and maximum diameter
of the false lumen on the abdominal aorta were the risk factors of incomplete thrombosis in the false lumen after TEVAR
in extensive acute type B dissection. (J Vasc Surg 2012;56:1232-8.)
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tSince its first introduction in 1999, thoracic endovas-
cular aortic repair (TEVAR) has become an alternative
treatment option for acute type B dissection.1-4 TEVAR is
considered lifesaving in patients with acute, complicated
type B dissection, with acceptable early and late survival.5,6
The goal of TEVAR therapy is to cover the entry tear of the
dissection and, ultimately, close the false lumen by throm-
bus formation. However, complete thrombosis in the false
lumen is uncommonly seen, especially in patients with an
extensive dissection, such as a type IIIb dissection.1 Com-
plete thrombosis in the false lumen was associated with
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1232ncreased late mortality.7-11 However, factors that affect
he progress of thrombosis in the false lumen after TEVAR
re largely unknown. The goal of the present study was to
dentify the factors that prevent the development of com-
lete thrombosis in the false lumen after TEVAR in patients
ith extensive acute type B dissections.
ETHODS
This study was approved by the Research Ethics Com-
ittee of each participating local hospital.
Patients. Between January 2005 and May 2008, pa-
ients with acute type B dissection who underwent TEVAR
t two centers were reviewed, and 124 patients (79 com-
licated and 45 uncomplicated) who met the following
riteria were included in this study: (1) dissection involving
he aorta below the level of the celiac artery, (2) completely
atent false lumen at the time of intervention, and (3)
omplete initial diagnostic computed tomography (CT)
cans and all follow-up CT scans available. Exclusion crite-
ia were aortic dissection secondary to trauma, intramural
ematoma, and Marfan patients.
Patients were categorized into three groups according
o the status of the false lumen as determined from the
atest CT scans. The status of the false lumen was evaluated
s completely patent if flow was present in the absence of
hrombus, as being partially thrombosed if flow and throm-
us were both present, and as being completely throm-
e
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Volume 56, Number 5 Qin et al 1233bosed if no flowwas present, according to the classifications
proposed by Tsai et al.10
TEVAR and adjunctive procedures. TEVAR was
performed as previously described by Dake et al.11 Indica-
tions for TEVAR in patients with complicated acute type B
aortic dissection were rupture (hemothorax in 15, hemo-
mediastinum in 10), malperfusion (acute limb ischemia in
six, intestinal ischemia in four, renal ischemia in 10, and celiac
trunk ischemia in two), persistent pain in 15, and rapid aortic
expansion in seven. Double or multiple indications were pres-
ent in 10 patients. Indication for TEVAR in patients with
uncomplicated dissection was aortic diameter 50 mm on
admission in 19 patients, retrograde dissection into the as-
cending aorta in nine, and by patient request in 17.
When the primary tear was close to the left subclavian
artery (LSA) or the left common carotid artery (CCA), or
both, the origins of the LSA or the CCA were covered by
the stent graft. CCA debranching was performed prepro-
cedure by a right-to-left CCA bypass. A left CCA-to-LSA
bypass was performed immediately before or after the
TEVAR according to radiographic assessments of the pa-
tient’s vertebrobasilar circulation by preoperative CT an-
giography or intraprocedural angiography, or both. Ad-
junctive stenting of visceral branches and iliac arteries was
performed for static malperfusion when was necessary as
determined by the angiographic assessment after deploy-
ment of the thoracic stent graft.
Follow-up. CT angiography from the aortic arc
branch to the common femoral artery was performed on a
Somatom Sensation 64 (SiemensMedical Solutions, Erlan-
gen, Germany) or a VCT Lightspeed 64 (GE Healthcare,
Milwaukee, Wisc) in all patients before TEVAR and after
TEVAR 2 weeks, at 6 months, and yearly thereafter. CT
angiography was taken using a retrospective cardiac-gating
technique, which was performed during the arterial en-
hancement phase using an automated bolus-tracking tech-
nique after an intravenous bolus injection of 100 mL
nonionic contrast agent (Omnipaque300; GE Healthcare,
Shanghai, China). A 0.6-mm collimation was used and
reconstructed with 0.75-mm sections at 0.5-mm intervals.
Data collection. Data were collected from reviewing
Table I. Demographics and comorbidity profiles
Variablea
Completely patent
(n  12)
Age at intervention, years 63.83  7.37
Male sex 10 (83.3)
Comorbidities
Complicated dissection 7 (58.3)
Peripheral arterial disease 6 (50.0)
Hypertension 11 (91.7)
Smoking 1 (8.3)
Diabetes mellitus 1 (8.3)
Renal insufficiency 0 (0)
aData are presented as mean  standard deviation or as number (%).medical records, imaging studies, and patient visit, if nec- fssary. The initial diagnostic CT scans and all follow-up CT
cans of aortic dissection were retrospectively reviewed.
hree-dimensional oblique multiplanar reconstructions
ere performed on a Picture Archiving and Communica-
ion Systems (PACS) system with dedicated postprocessing
oftware for analyzing the anatomic characteristics of the
orta. The number of visceral branches that arose partially
r totally from the false lumen and total postprocedure
ear(s) were counted according to the CT scans 2 weeks
fter TEVAR.
A maximum diameter of the abdominal aorta from the
eliac trunk to the iliac bifurcation level and false lumen was
easured, respectively, on the CT scans obtained2weeks
fter the procedure. The maximum diameter of the aorta
as defined as the total diameter of the true and false
umen, which was measured on the axial CT scans. The
aximum false lumen diameter was measured perpendicu-
ar to the contour of the intimal flap on the axial CT scans,
ccording to the methods proposed by Blount et al.12 All
easurements were obtained by two experienced radiolo-
ists with 10 years in cardiovascular imaging, and final
ecisions were reached by consensus.
Statistical analysis. Categoric variables are reported
s counts and percentage and continuous variables as the
ean  standard deviation. Levels of significance in vari-
bles among groups were determined using the Fisher exact
est for categoric variables and one-way analysis of variance
or continuous variables. To investigate independent risk
actors of incomplete false lumen thrombosis, ordinal re-
ression analysis was performed with variables that reached
 .20 on univariate analysis. All statistical tests were
wo-sided with a 0.05 level of significance. Statistical anal-
ses were performed using SPSS 13.0 software (SPSS,
hicago, Ill).
ESULTS
Baseline characteristics. The baseline characteristics
f all patients are listed in Table I. The demographics and
omorbidity profiles of all three groups were evenly distrib-
ted.
Results of TEVAR and adjunctive procedures. The
Thrombosis
P
Partial
(n  88)
Complete
(n  24)
62.53  10.05 63.04  7.51 .892
82 (93.2) 20 (83.3) .177
56 (63.6) 16 (66.7) .911
45 (51.1) 16 (66.7) .432
61 (69.3) 15 (62.5) .186
28 (31.8) 9 (37.5) .172
11 (12.5) 1 (4.2) .714
4 (4.5) 1 (4.2) .99alse lumen on the latest CT scans at 53.2  8.9 months
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November 20121234 Qin et alwas completely patent in 12 patients (9.7%), partially
thrombosed in 88 (71.0%), and completely thrombosed in
24 (19.3%). Details of TEVAR and adjunctive procedures
are listed in Table II. TEVAR and adjunctive procedures
were performed within a mean of 8 days (range, 1-13 days)
after the onset of the dissection, and 136 stent grafts were
implanted, comprising the Talent (Medtronic, Minneapo-
lis, Minn) in 47 patients, the Zenith (Cook, Bloomington,
Ind) in 23, and the Aegis (Microport Medical, Shanghai,
China) in 54. Primary technical success, defined as success-
ful closure of the primary tear and no endoleak on aortic
arteriography, was achieved in all patients, and no patients
were converted to surgery in this series. After TEVAR, 22
visceral branches and iliac arteries with static malperfusion
were confirmed in 17 patients (13.7%) and immediately
treated with stenting (Invatec, Roncadelle, Italy; Boston
Scientific, Verviers, Belgium). The ischemic arteries treated
included celiac trunk, renal, mesenteric, or iliac artery, as
summarized in Table II.
The 30-day mortality rate was zero. Two patients
(4.8%) experienced procedurally related events, comprising
stroke in one (0.8%) and paraplegia in the other (0.8%).
During the follow-up duration of 53.2  8.9 months, 26
patients required secondary procedures related to the dis-
section, consisting of proximal stenting for type I endoleak
(n 2), subclavian embolization for type II endoleak (n
2), re-TEVAR and bypass for rupture or aortic enlargement
(n  7), and surgical treatment for rupture or retrograde
extension of the dissection to the ascending aorta (n  3).
Anatomic characteristics of dissections. Anatomic
characteristics, including re-entry tears, visceral branches
that arose partially or totally from the false lumen, maxi-
mum diameter of abdominal aorta, and false lumen at
abdominal aorta level, of all 124 patients are listed in Table
III. The CT scans 2 weeks after TEVAR detected 209
re-entry tears in 107 patients (86.3%). One intimal tear left
Table II. Details of procedures
Variablesa
Completely patent
(n  12)
Operating time, minutes 92.00  16.46
Length covered, mm 165.00  32.61
Landing zone debranching 1 (8.3)
LSA covered only 0 (0)
Bypass
LCCA-LSA 0 (0)
RCCA-LCCA 0 (0)
RCCA-LCCA-LSA 1 (8.3)
Visceral branch stenting 2 (16.7)
Celiac trunk 1 (8.3)
Right renal artery 0 (0)
Left renal artery 0 (0)
Superior mesenteric artery 1 (8.3)
Iliac artery 0 (0)
LCCA, Left common carotid artery; LSA, left subclavian artery; RCCA, rig
aData are presented as mean  standard deviation or as number (%).on the dissection was confirmed in 46 patients (37.1%), two 1n 31 (25%), three in 23 (18.5%), four in three (2.4%), and
ve in four (3.2%). The mean of re-entry tears in patients in
he group with complete thrombosis at the false lumen was
ignificantly lower than in patients with partial thrombosis
P  .001) or those with a completely patent false lumen
P  .001).
A total of 148 visceral branches that arose partially or
otally from the false lumen were detected in 96 patients
77.4%), including 37 celiac trunks (25.0%), 54 left renal
rteries (36.5%), 34 right renal arteries (23.0%), 17 supe-
ior mesenteric arteries (11.5%), and six inferior mesenteric
rteries (4.0%). No visceral branch that arose partially or
otally from the false lumen was found in any patients with
omplete thrombosis formation in the false lumen during
ollow-up.
The CT scans 2 weeks after TEVAR showed no
ignificant differences in the maximum diameter of the
bdominal aorta among the three groups with different
tatus of false lumen, whereas themaximumdiameter of the
alse lumen on the abdominal aorta was significantly smaller
n patients with complete thrombosis compared with pa-
ients with completely patent (P  .001) or partial throm-
osis (P  .001), respectively.
Risk factor analysis. Univariate analysis was used to
valuate 14 parameters, as listed in Table IV. Values of P
20 were obtained for age at the interventional procedure,
omorbidity of hypertension, maximum diameter of the
orta and the false lumen on abdominal aorta, re-entry
ears, and visceral branches that arose partially or totally
rom the false lumen, and these were selected for further
nalysis. Ordinal regression analysis showed that the inde-
endent risk factors for incomplete thrombosis in the false
umen were visceral branches that arose partially or totally
rom the false lumen (odds ratio [OR], 10.054; P .001),
e-entry tears (OR, 30.661; P  .001), and maximum
iameter of the false lumen on abdominal aorta (OR,
Thrombosis
P
Partial
(n  88)
Complete
(n  24)
90.85  20.37 95.13  20.53 .668
165.79  32.54 153.33  27.13 .230
17 (19.3) 3 (12.5) .633
9 (10.2) 2 (8.3)
1 (1.1) 0 (0)
5 (5.6) 1 (4.1)
2 (2.2) 0 (0)
14 (15.9) 6 (25.0) .511
1 (1.1) 0 (0)
2 (2.2) 1 (4.1)
4 (4.5) 3 (12.5)
3 (3.4) 0 (0)
4 (4.5) 2 (8.3)
mon carotid artery..265; P  .004).
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TEVAR has emerged in the past decade as an alterna-
tive to standard surgical treatment of acute complicated
type B aortic dissection, with an acceptable early or late
morbidity and mortality rate.5,6,13 A successful treatment
with TEVAR is expected to cover the primary entry tear and
initiate complete thrombosis in the false lumen. With mod-
ern technology, primary technical success of covering the
entry site with stent graft can be achieved in a minimum of
77%, as high as 100% in some series,7,14-19 and was 100% in
this series.
Incomplete thrombosis in the false lumen has been re-
ported as an independent risk factor for late dissection-related
death and for a late dissection-related event,6,8-10,20-24
Table III. Anatomic characteristics of dissections
Variablesa
Compl
(n
Reentry tears, No.
0 0
1 0
2 0
3 5
4 3
5 4
Visceral branches arising from the false lumen, No.
0 0
1 6
2 3
3 3
Max diameter on abdominal aorta, mm
Aorta 37.7
False lumen 27.5
Table IV. Independent risk factors of incomplete thromb
Variable
Univariate analysi
Sig.
Age at intervention .134
Sex .696
Complicated dissection .314
Peripheral arterial disease .817
Hypertension .034
Smoking .697
Diabetes mellitus .352
Renal insufficiency .604
Length of stent covered .912
Adjunctive procedures on the
abdominal aorta
.454
Maximum diameter
Of abdominal aorta .005
Of false lumen on abdominal aorta .001
Reentry tears .001
Visceral branches arising from the
false lumen
.001
CI, Confidence interval.whereas complete thrombosis is associated with improved autcomes.8,20,21,24 However, the proportion of patients
ith complete thrombosis of the false lumen after TEVAR
as varied between reports. In two studies with a similar
andidate background of acute type B dissection with 36
onths of follow-up, Verhoye et al25 reported only 25% of
atients had complete thrombosis, whereas Khoynezhad et
l2 had a rate as high as 85%. The difference in these two
tudies may be attributed to the various extensions of
issection (ie, type IIIA or IIIB).
In our study of selected patients, complete false lumen
hrombosis occurred in 10% of patients during a mean
ollow-up duration of 53 months. The lower incidence of
omplete thrombosis during follow-up was because the
tudy only enrolled patients with extensive acute dissection
atent
)
Thrombosis
P
Partial
(n  88)
Complete
(n  24)
.001
0 (0) 17 (70.8)
39 (44.3) 7 (29.2)
31 (35.2) 0 (0)
) 18 (20.5) 0 (0)
) 0 (0) 0 (0)
) 0 (0) 0 (0)
.001
4 (4.5) 24 (100)
) 54 (61.4) 0 (0)
) 17 (19.3) 0 (0)
) 13 (14.8) 0 (0)
.77 36.69  7.30 33.88  5.42 .148
.48 24.80  7.76 13.34  1.58 .001
n false lumen
Ordinal regression analysis
Estimate (95% CI) Wald Sig.
0.076 (0.171 to 0.018) 2.493 .114
1.139 (0.367 to 2.644) 2.199 .138
0.070 (0.212 to 0.072) 0.930 .335
0.235 (0.075 to 0.395) 8.302 .004
3.423 (1.587 to 5.259) 13.348 .001
2.308 (1.024 to 3.593) 12.405 .001etely p
 12
(0)
(0)
(0)
(41.7
(25.0
(33.3
(0)
(50.0
(25.0
(25.0
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thrombosis formation at the false lumen could ultimately
be used for predicting the long-term outcome of the pa-
tients with extensive acute type B dissection undergoing
TEVAR.
Patients in this study with a completely patent false
lumen at presentation were categorized into three groups
according to the thrombosis status of the false lumen as
assessed by the latest CT scans. The baseline characteristics
and comorbidities were not significantly different among
the three groups. Although univariate analysis showed P
.20 (threshold value) in the categories of age, hypertension,
and maximum diameter of abdominal aorta, ordinal regres-
sion analysis did not further verify them as independent risk
factors for incomplete thrombosis in the false lumen.
Visceral branches solely supplied by the false lumen in
extensive type B dissection were emphasized by Dinsmore
et al26 in 1972, and they proposed that if the vital organs
did not depend on the false lumen for their blood supply,
complete occlusion of the false lumen tended to occur.
Czermak et al27 tried to understand the influence of visceral
arteries originating from the false lumen on the length of
thrombus in six patients. Unfortunately, their report did
not provide details about the precise status of thrombosis
(partial or complete thrombosis), although theirs is the
Fig. Preprocedural computed tomography (CT) imagin
false lumen (black arrow), with an intimal tear at the sam
lumen on the segment of abdominal aorta before thoracic
scans obtained at 62 months after TEVAR showed that
intimal tear (white arrow) existed, and (D) the right renal
arrow).only previous article focusing on the relationship between walse lumen thrombosis and visceral arteries that we have
ound in the literature.
The number of visceral branches that arose partially or
otally from the false lumen as determined by the CT scans
2 weeks after TEVAR was selected as a parameter for
nalysis and was a significant independent risk factor asso-
iated with incomplete thrombosis in the false lumen (P 
001), which is the first such report in the literature, to our
est knowledge. It is a dilemma that a patent false lumen
as a risk factor for late adverse events while being essential
or visceral branches supplied by the false lumen. On the
asis of our observation in this series, no complete throm-
osis in the false lumen was observed in any patients with
isceral branches that arose partially or totally from the false
umen. The false lumen was commonly decreased within a
ew months or years after occlusion of the primary tear by
EVAR, and finally, the residual false lumen acted as ex-
ension of the visceral arteries (Fig). It might be a kind of
athophysiologic compromising between the evolution of
he false lumen and visceral arteries supplied by false lumen
fter TEVAR. Therefore, it is important that patients with
atent false lumen are kept under surveillance. When the
alse lumen progressively enlarges, debranching of the aorta
ith visceral branch bypass and embolism of the false lumen
wed (A) the right renal artery was solely supplied by the
vel (white arrow) and (B) the extent of the patent false
vascular aortic repair (TEVAR) (white arrows). The CT
e false lumen was almost diminished (black arrow) but
(white arrow) was still supplied by the false lumen (blackg sho
e le
endo
(C) th
arteryith coil may become a necessity.
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Volume 56, Number 5 Qin et al 1237Ideally, TEVAR should cover all tears completely to
accelerate thrombus formation in the false lumen. How-
ever, this goal is difficult to achieve, particularly in patients
with multiple re-entries located in the abdominal aorta.
Multiple tears are commonly seen in extensive type B
dissection: at least one tear distal to the orifice of the celiac
artery was present in 62% patients in the Quint et al28
report, and an average of 2.8 intimal tears were found in
series of Khoynezhad et al,29 which allowed continued
perfusion of the false lumen after TEVAR. The primary
entry tear was sealed in all patients with stent graft in this
study, and a mean of 1.8 tears remained after TEVAR.
Postprocedural tear was also an independent risk factor in
this study for incomplete thrombosis in the false lumen
after TEVAR (P  .001).
Maximum aortic diameter30 or a large false lumen
diameter31,32 before treatment have been reported as the
predictors for late aortic-related events in medically treated
patients with acute type B dissection. However, these data
may not fit the exact circumstance in the patients with
TEVAR therapy, because the diameter of the true lumen
will increase immediately and the false lumen will be com-
pressed simultaneously in a type B aortic dissection after
TEVAR,16,33,34 especially when TEVAR was combined
with bare-metal stenting on the distal true lumen.35 There-
fore, our data obtained after the procedure may be reliable
for the patients with TEVAR treatment. Various segments
of the aorta were selected as for the maximum aorta mea-
surement.30-34 The maximum diameter of the aorta and
false lumen on the abdominal aorta were measured from
the CT scans2 weeks after TEVAR because 79.8% of the
patients in our study developed complete thrombosis at the
false lumen on the segment of thoracic aorta shortly after
TEVAR. For the risk factors related to the aorta diameter in
the literature, our study shows that the maximum diameter
of the false lumen, rather than the aortic diameter at the
level of the abdomen, is an independent risk factor for
incomplete thrombosis in false lumen thrombosis, which is
consistent with results of Marui et al31 and Song et al32 but
different from the findings of Takahashi et al.30
Our study had several limitations. First, analysis was
defined in the patients with extensive dissection, and there-
fore, the results do not cover the outcomes for all acute type
B dissections after TEVAR.
Second, the study excluded patients with partial throm-
bosis at the time of TEVAR, and they might have had
different outcomes than those with a completely patent
false lumen included in this series.
Third, uncomplicated acute type B dissection was in-
cluded in this study and was represented in 36% of the
patients. These patients might have been suitable for med-
ical treatment.
Finally, this study was a retrospective analysis instead of
a prospective study.
CONCLUSIONS
Visceral branches that arose partially or totally from the
false lumen, re-entry tears, and maximum diameter of falseumen on abdominal aorta could be used as risk predictors
f incomplete thrombosis in the false lumen after TEVAR
n extensive acute type B dissection and, therefore, may
redict late outcome of patients with TEVAR, including
evelopment of abdominal aneurysms and the need for late
econdary interventions.
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